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Abstract
The main purpose of this paper is to review the methodologies for quantitative evaluation of economic externalities (impacts on 
employment, current account balance, etc.) caused by the development of the energy sector and to reveal the possibilities to apply 
these evaluation methods in praxis. It is found that the most accurate results can be obtained when careful calculation of direct 
impacts is coupled with CGE modelling which allows for realistic representation of inter-sectorial linkages and capturing of 
indirect and induced effects in equilibrium.
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Introduction
The development of the energy sector is associated not only with the main purpose of providing the energy for 
households and industries, but also with some external effects. The most basic definition of an externality or ‘third 
party effect’ is the cost incurred or benefit obtained by actors that are not addressed in the activity. Among classical 
examples of externalities environmental pollution (e.g., chemicals from industrial plants make negative impact on 
crop yields and farmers’ profits), and actions which produce public goods as positive externalities are frequently 
mentioned. (Khemani & Shapiro, 1993). Economic externalities can be described as externalities which affect 
economic indicators directly or through economic relations. One may argue that e.g., health impacts caused by the 
pollution also have some economic consequences (cost of medical care, impacts on labor productivity, etc.). 
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However, economic effects are in this case arising via other than economic relations (the magnitude of pollution 
impact on human health can be varying and depends exclusively on medical reasons). Thus, external economic 
impacts of energy development are also limited to the wider economic consequences caused by structural changes in 
the energy sector during the time. Despite the fact that energy externalities fail to impact the competitiveness of a 
particular energy enterprise directly, they may influence the socioeconomic indicators as well as the competitiveness 
of a country or region. In many cases, economic externalities arise due to establishment of a new market equilibrium 
and not necessary require particular government intervention (Tresch, 2015). Nevertheless, quantitative evaluation
of economic externalities can provide useful information for variety of purposes including energy strategy
formation, socially responsible investment decision-making, etc. 
The main purpose of this paper is to review the methodologies for quantitative evaluation of economic 
externalities caused by the development of energy sector and to reveal the possibilities to apply them in praxis. In 
the research literature review and theoretical analysis is employed. The remaining of this paper is structured as 
follows. Section 1 describes economic externalities and the peculiarities of their formation in the context of the 
energy sector development. In section 2, different methodologies for evaluation of economic externalities are 
discussed with respect to specific features of the energy development. Conclusions are set out at the end of the 
paper.
1. Economic externalities of energy development
There are three general types of economic impacts: direct, indirect, and induced effects (Clark et al., 2014).
Direct effects are obtained directly due to energy development and only in core industries without any intermediate 
inputs (IRENA, 2013), a good example being direct employment changes in energy enterprises. Indirect impacts 
result from the purchases by the energy sector. Thus, indirect effects involve not only the energy sector, but also the 
entire supply chain. Extending previous example, indirect effects can be illustrated, by considering employment 
effects in transport sector which are determined by the need to bring the fuel to the energy plant. Finally, induced 
effects result from spending by households which income is affected directly or indirectly by the energy sector.
The importance of indirect impacts is highlighted by the calculations which show that taking into account indirect 
jobs in addition to direct jobs created due to the development of renewable energy may rise employment estimates 
by 50 to 100 percent or, in some cases, 174 percent (IRENA, 2014). Moreover, the analysis of possible renewal of 
investment in nuclear energy in USA showed that the total economic effects are over 3 times larger than the direct 
effects when both indirect and induced effects are included (Oxford Economics, 2008), similar rate of gross impacts 
was observed also in the British case (Oxford Economics, 2013). Thus, it is valid to argue that the analysis of all 
impact types is essential for revealing the magnitude of economic impacts in a realistic way.  
In scientific literature, the boundaries between these impact types are different and depend on sectorial 
classification and interpretation of such services as research and development, energy trading and distribution, 
banking, etc. (Simas & Pacca, 2014). Such interpretation differences are the case not only for studies where only one 
particular energy technology is considered, but also in analysis of full energy scenarios. Some interpretations are 
possible even trying to define energy sector itself: the narrow definition would probably include traditional energy 
generation only, while more broad understanding would also consider production of bioenergy (which is 
traditionally associated with agriculture) and various energy-related industries. However, there is no escaping the 
fact that in reality energy resources go through various transportation (transmission) and transformation steps until 
they are supplied to final consumption. All these steps are subject of interaction with the remaining economy and 
energy infrastructure, which importance to the formation of economic externalities cannot be underestimated: 
depending on existing energy infrastructure, even considerable changes in energy generation technologies could 
have only moderate impact on the remaining economy. 
Economic externalities of the development of energy sector are the result of energy-economy nexus or, to put it 
more simply, result of interaction between the energy sector and the remaining economy. The distinction between 
these two objects is at some extent artificial, inasmuch as the energy sector is an inextricable part of any 
contemporary economy. However, the distinction between the energy sector and the remaining economy is useful 
for analytical purposes as it helps to explain the formation process of economic externalities. This process can be 
described by using Fig. 1 as an illustration.
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Fig. 1. Formation of economic externalities due to energy development
The first impulse to produce economic externalities is a structural change in the energy sector (e.g., installation of 
a new power plant, change in energy generation volume or cost, etc.). Such a change is then transferred to the 
remaining economy by changing either energy supply or demand for products that are used in the energy sector. 
Remaining economy responses by producing feedback effects (e.g., due to increased forest biomass demand the 
increase of wood price is observed). This causes further changes in energy sector and, consequently, new 
supply/demand changes. This cycle is repeated until new equilibrium is reached. Energy development pathway can 
be described as a set of structural changes in the energy sector. Thus, economic externalities of the development of 
energy sector can be described as the differences that are observed in counterfactual equilibrium after all the 
changes caused by energy development.
The occurrence of external economic effects can differ at different stages of each particular energy project, the 
construction of a large nuclear power plant being a good case in this point. For analytical purposes, the entire project 
could be broadly separated into construction, operation, and decommissioning phases (see Table 1). This
classification is also practically useful as it allows for reasonable choice of direct relationship description basis.
     Table 1. Phases of an energy development project and factors for wider economic impacts
Construction Operation Decommissioning
Cause of economic externalities Demand for construction 
works, etc.
Energy supply, demand for 
O&M services and products
Demand for 
decommissioning works, etc.
Basis for direct relationships Capacity Activity Capacity/lump
Investment Yes As part of O&M Yes
Variable operation and maintenance cost No Yes No
Fixed operation and maintenance cost Yes/no Yes Yes/no
Impact type All All All (for some technologies 
negligible)
The first phase comprises not only of physical construction works, but also all preparatory works such as carrying 
out feasibility studies, planning, manufacturing of equipment, installation, grid connection, etc. The main distinction 
ENERGY
SECTOR
ECONOMY
Response from
the remaining
economy
Supply/demand changes
Feedback effects
Structural changes
in the energy sector
Economic externalities as
changes in counterfactual
equilibrium
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between above mentioned phases can be made by answering the question whether the project makes impact on the 
energy supply or not. For energy generating technologies this impact could be the energy produced, for energy 
infrastructure – energy transmitted, etc. Construction phase includes all the activities which have to be done before 
real influence on energy supply, while decommissioning phase covers all the activities after the operation (influence 
on energy supply) is finished. Depending on the phase of project, energy sector can cause economic externalities 
either by initial changes in energy supply or by changing inputs (production factors and intermediate consumption).
Moreover, economic features of energy technologies or projects that play the main role in formation of economic 
externalities are different depending on the phase: in construction and decommissioning phases the main factor is 
investment, while in operation phase both energy supply characteristics and all cost components are important (their 
actual share depends on the specific features of a technology considered).
The analysis of economic externalities provided here allows for setting some criteria for an ideal methodology of 
quantitative evaluation: it should follow the logics of economic externality formation, be capable to capture all 
impact types (direct, indirect, and induced), all relevant phases of individual projects (construction, operation, and 
decommissioning, the last phase being relevant only in case if the impacts are not negligible). Moreover, only the 
analysis of full and consistent energy scenarios seems to be sufficiently valid from methodological point of view,
inasmuch as it provides holistic description of the entire energy sector.
2. Evaluation methodologies and their application peculiarities
Practical application of different methodologies and approaches in economic research is limited by different from 
case-to-case varying conditions. Therefore, the analysis presented bellow includes both advanced and relatively 
straightforward .approaches. The general features of the methodologies are presented in Table 2.
     Table 2. General features of the methodologies in the analysis of economic externalities of energy development
Direct impact analysis Input-Output analysis Computable general 
equilibrium modelling
Econometric modelling
Initial cost to use the 
methodology
Low Relatively low Very high High
Software Spreadsheet or energy 
modelling package
Spreadsheet, specific 
input-output package 
(e.g., IMPLAN). Can be 
integrated to energy 
models.
GAMS/MPSGE, 
Gempack
Spreadsheet for very basic 
models only, econometric 
modelling software packages
(EViews, R, Stata, etc.)
Functional forms Linear Linear Linear and non-linear Linear and non-linear
Equilibrium No Partial equilibrium General equilibrium Typically, partial equilibrium
Dynamics Based on energy 
development pathways
Static (recursive 
dynamic versions are 
available)
Static/dynamic Dynamic
Core data requirements Low (information about 
direct relationships)
Moderate (project input-
output table)
High (social accounting 
matrix, elasticity 
coefficients, etc.)
Very high (time series have 
to be available)
Transparency and 
understandability for 
stakeholders
High Basic economic 
education is required
Basic economic 
education is required
Economic education is 
required
Calculation of direct external economic effects is the least complicated approach that can provide some insights 
about the impacts and their direction in the close environment of the power plant or other energy technology. In 
advanced analyses, extensions of traditional energy planning models such as MARKAL-TIMES, MESSAGE, 
Balmorel, etc. (Connolly, Lund, Mathiesen, & Leahy, 2010) can be used to enhance direct impact calculations. 
However, this approach fails to depict full variety and scale of possible impacts. In fact, direct impact analysis is 
oriented towards internal variables of energy projects and externalities are subject of interpretation (e.g., expenses 
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for hiring workers can be considered both as job creation labor cost which increase would make the project less 
attractive for the investor). Despite of this, accurate calculation of direct impacts is important foundation for more 
comprehensive analysis that covers indirect and induced effects.
Input-output analysis is the most popular methodology in the field. Being relatively straightforward, it allows 
capturing of intersectional linkages and, consequently, indirect impacts. Input-output analysis in its classical form is 
based on limited partial equilibrium approach and fail to address price-induced changes. Among the limitations of 
input-output analysis, constant relationships (there are no substitution possibilities) (Martinez, 1998) and absence of 
capacity constraints (Karkacier & Gokalpgoktolga, 2005) are mentioned. 
Computable general equilibrium (CGE) modelling can be treated as advanced version of input-output analysis 
which allows to overcome most of its limitations. The main drawbacks of CGE modelling are the sensitivity to the 
assumptions, and high initial cost of application.
The class of econometric models is the most diverse at it in principle include anything from simple spreadsheet-
based models to econometrically estimated CGE models. Therefore, positive and negative sides of this approach 
depends on the specification of particular model. Econometric analyses require high data quality and time-series to 
be available. Moreover, their reliance on historical time-series is less useful in ex-ante analyses, especially when the 
introduction of new technologies is analyzed.
Taking into account the information which is commonly available from national statistical offices, it might be 
argued that the most accurate and policy-relevant results can be obtained when careful calculation of direct impacts 
is coupled with CGE modelling which allows for realistic representation of inter-sectorial linkages and capturing
direct, indirect, and induced external economic effects in equilibrium.
Conclusions
The choice of the methodology for quantitative evaluation of external economic effects depends on the scope of 
analysis and resources available. However, objective and scientifically grounded analysis would require following
the logics of economic externality formation, capability to capture all impact types and all relevant phases of 
individual energy projects.
Calculation of direct external economic effects is the least complicated approach but it can provide only some 
insights about the impacts and their direction in the close environment of the power plant or other energy 
technology. Thus, it is recommended to use this type of analysis as a foundation for more comprehensive analysis 
that covers indirect and induced effects.
The most relevant results can be obtained when carefully calculated direct impacts are used as a part database of 
a CGE model. This approach allows for realistic representation of inter-sectorial linkages and capturing all external 
economic effects in equilibrium.
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